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D scription 

The present invention relates to a method of meas- 
uring a surface profile of a sample using an atomic force 
microscope which observes a sample surface by mak- s 
ing use of interatomic forces acting between a probing 
tip formed on a free end of a cantilever and the sample 
surface. Such a method is generally known, for instance 
from US-A-4 954 704. 

The development of atomic force microscopes 
(hereinafter referred to simply as an AFM) is being ad- 
vanced, and they are used as an instrument capable of 
observing the surface of a solid body on an atomic scale. 

The principle of an AFM is explained hereinafter 
with reference to Fig. 5. 

In order to detect minute forces, a cantilever 6 hav- 
ing a probing tip 1 2 and a length ranging from 1 0Oum to 
200u.m is preferably employed in the AFM. When a sam- 
ple 21 placed on a sample platform 4 is brought near 
the probing tip 12, the cantilever 6 deflects in the pres- 
ence of interatomic forces existing between the probing 
tip 12 and the sample 21. The AFM scans the surface 
of the sample 21 by the use of first and second piezoe- 
lectric members 1 and 2 and a piezoelectric member 
drive unit 11 while a third piezoelectric member 3 is be- 
ing feed-back controlled by the piezoelectric member 
drive unit 11 via a control signal generator 14 so that the 
amount of deflection of the cantilever 6 may be main- 
tained constant. The first, second, and third piezoelec- 
tric members 1,2, and 3 are secured to and extend from 
the sample platform 4 in directions shown by arrows X, 
Y, and Z, respectively. Because the control quantity in 
such feed-back control is indicative of height variations 
of the sample surface, an AFM image is obtained by 
converting the control quantity into image information 
using a controller or computer 1 0. Alternatively, the AFM 
image can be obtained by converting the amount of de- 
flection of the cantilever 6 into image information without 
performing the feed-back control. The amount of deflec- 
tion of the cantilever 6 is detected by a deflection detec- 
tor 22 wherein the principle of optical beam deflection, 
laser interference, tunnel current, or the like is utilized. 
The resolution of the AFM depends upon the radius of 
curvature of the probing tip 12. The less the radius of 
curvature is, the higher the resolution is. At present, an 
atomic image of, for example, mica is observed by a 
probing tip having a radius of curvature of several hun- 
dreds angstroms. The AFM is used to observe not only 
a sample surface on an atomic scale but also another 
sample surface having relatively large height variations 
in unit of nanometers (nm) or micrometers (urn). The ob- 
servation of the sample surface of the latter, for example 
a grating having relatively deep grooves, requires a 
probing tip having a small radius of curvature and a high 
aspect ratio sufficient to reach bottoms of the grooves. 
In this respect, a whisker crystal is preferably used as 
the probing tip. 

As a matter of course, in applications where the 



probing tip 12 is scanned on the surface of the sample 
21, the cantilever 6 deflects in the presence of height 
variations of the sample surface. In addition to such de- 
flection, variations in friction coefficient of the sample 
surface or a distortion of the cantilever 6 causes a de- 
flection of the cantilever 6. This kind of deflection brings 
about noises, and hence, accurate measurement of the 
surface configuration cannot be expected. By way of ex- 
ample, when mica is used as a sample and a repulsive 
force of 1 X10 -8 N is chosen to act on the cantilever 6, 
an AFM image obtained from the amount of deflection 
of the cantilever 6 indicates a generally symmetric atom- 
ic image. On the other hand, when a repulsive force of 
1 X10' 7 N is chosen to act on the cantilever 6, the AFM 
image comes to indicate a non-symmetric atomic im- 
age. 

Furthermore, in applications where measurements 
are carried out by the use of a probing tip having a high 
aspect ratio, and if the sample 21 contains very steep 
height variations or has grooves with generally vertically 
extending side walls, a side surface .of the probing tip 
12 occasionally collides against the side walls of the 
grooves during scanning. Under such conditions, little 
deflection of the cantilever 6 would occur, and hence, 
the scanning is continued with the distance between the 
sample and the probing tip 12 maintained substantially 
constant. As a result, not only no accurate AFM image 
can be obtained, but also the probing tip 12 or the can- 
tilever 6 is occasionally damaged. 

In addition, if the sample 21 is a living body which 
cannot be easily anchored on a substrate, the scanning 
of the probing tip 12 drags the sample 21 on the sub- 
strate, thus resulting in inaccurate measurement. 

It is already known in atomic force microscopes 
when measuring a rather rough material surface, to shift 
a probe at a distance where the probe and the material 
to be observed are sufficiently far away from each other 
relative to the roughness of the material surface (US-A- 
4 902 892). Moreover, EP-A-347 739 shows an atomic 
force microscope where a probe is also moved away 
from the surface of the sample to be observed, so that 
it can then be moved in a plane successively to points 
of measurement on the sample surface in order to obtain 
information of the sample without being disturbed by the 
roughness of the surface. 

It is an object of the present invention to provide an 
improved method for an atomic fore microscope capa- 
ble of accurately observing the surface of a sample ir- 
respective of the configuration for the type of the sam- 
ple. 

In accordance with the invention a method of meas- 
uring a surface profile of a sample using an atomic force 
microscope is characterised by the steps of: 

(a) positioning the probing tip above one location of 
the sample surface; 

(b) moving one of the cantilever and the sample sur- 
face towards the other till the cantilever is deflected 
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in the presence of the interatomic forces; 

(c) measuring a height of the sample surface; 

(d) imaging said height measured at step (c); 

(e) moving said one of the cantilever and the sample 
surface away from the other by a constant given dis- 
tance so that the probing tip is spaced apart from 
the sample surface, said constant given distance 
being determined in advance so as to be greater 
than a maximum value of height variations of the 
sample surface within a range thereof to be meas- 
ured; 

(f) moving said one of the cantilever and the sample 
surface relative to the other so that the probing tip 
is positioned above a next adjacent location of the 
sample surface spaced apart from said one loca- 
tion; 

(g) moving one of the cantilever and the sample sur- 
face towards the other by said constant given dis- 
tance; 

(h) repeating said steps (c) to (g) at a plurality of 
succeeding locations of the sample surface so as 
to image the height variations of the sample sur- 
face. 

Preferable embodiments are defined in the depend- 
ent claims. 

Accordingly, the AFM according to the present in- 
vention is free from noises which may be caused, in the 
conventional AFM, by variations in friction coefficient of 
the sample surface or a distortion of the cantilever. Even 
if the probing tip has a high aspect ratio and is used to 
observe a sample having grooves with generally verti- 
cally extending side walls, a side surface of the probing 
tip does not collide against the side walls. Furthermore, 
even if a living body, which cannot be easily anchored 
on a substrate, is used as a sample, the sample is not 
dragged by the probing tip 12 during scanning. 

The above and other features of the present inven- 
tion will become more apparent from the following de- 
scription of preferred embodiments thereof with refer- 
ence to the accompanying drawings, throughout which 
like parts are designated by like reference numerals, 
and wherein: 

Fig. 1 is a schematic diagram of an atomic force mi- 
croscope according to a first or second embodiment 
of the present invention; 

Fig. 2 is a timing chart of voltages applied to two 
piezoelectric members extending in different direc- 
tions; 

Fig. 3 is a diagram similar to Fig. 1, but according 
to a third embodiment of the present invention; 
Fig. 4 is a diagram similar to Fig. 1, but according 
to a fourth embodiment of the present invention; 
and 

Fig. 5 is a schematic diagram of a conventional 
atomic force microscope (already referred to). 



Referring now to the drawings, there is schemati- 
cally shown in Fig. 1 an AFM according to a first embod- 
iment of the present invention. This AFM comprises a 
finely movable mechanism in the form of a tripod, a can- 
5 tilever 6 disposed in the proximity of the finely movable 
mechanism, and a probing tip 12 secured to or other- 
wise integrally formed with a free end of the cantilever 
6. The finely movable mechanism comprises a sample 
platform 4 on which a sample 5 is to be placed, and first, 
io second, and third piezoelectric members 1 , 2, and 3 se- 
cured to and extending from the sample platform 4 in 
directions shown by arrows X, Y and Z, respectively. 

The sample 5 is scanned horizontally by applying 
voltages generated by a piezoelectric member drive unit 
rs 11 to the first and second piezoelectric member 1 and 
2, respectively. The deflection of the cantilever 6 caused 
by interatomic forces existing between the sample 5 and 
the probing tip 12 is detected by making use of the prin- 
ciple of optical beam deflection wherein a laser beam 
20 emitted from a laser diode 7 having an output of 5mW 
is initially focused on the cantilever 6 by a lens 8, and a 
reflected light beam is detected by a two-segment pho- 
todiode 9. 

A specific control method is explained hereinafter 
25 which was used to observe a cleavage surface of mica. 
Mica 5 was initially placed, as a sample, on the sam- 
ple platform 4 such that a central portion of the former 
might be positioned below the probing tip 12. Prior to 
measurement of this sample, the AFM was set so that 
30 the cantilever 6 might first receive a repulsive force of 
1X10- 7 N. 

Fig. 2 is a timing chart indicating how to apply, after 
the setting, voltages to the first and third piezoelectric 
members 1 and 3, respectively. After the amount of de- 
35 flection of the cantilever 6 was detected by the optical 
beam deflection, a step voltage Vz was applied to the 
third piezoelectric member 3 to move the sample 5 1nm 
away from the probing tip 12. The sample 5 was then 
horizontally moved 2A by the first piezoelectric member 
■*o 1 using the piezoelectric member drive unit 11. There- 
after, the voltage applied to the third piezoelectric mem- 
ber 3 was gradually reduced so that the sample 5 might 
be moved 1nm towards the probing tip 12, and the 
amount of deflection ol the cantilever 6 was stored in a 
45 controller or computer 10. Height variation or undulation 
information at various points of the sample surface was 
derived from the amount of deflection of the cantilever 
6. The time period required for the movement from one 
point to another was set to 0.2 millisecond, whereas that 
so required for moving the sample 5 away from the probing 
tip 12 was set to 0.1 millisecond. Such measurements 
were repeated 256 times in the direction of X until the 
scanning for one line was terminated. Thereafter, the 
sample 5 was horizontally moved 2A by the second pi- 
ss ezoelectric member 2, and similar operations were car- 
ried out with respect thereto to complete the next suc- 
ceeding line scanning. Upon completion of 256 line 
scannings, (256 X 256) pieces of undulation information 
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were derived from the sample surface. An AFM image 
obtained from such information indicated an accurate 
and symmetric atomic image. 

The above-described operations of the AFM could 
reduce the noise level as compared with the conven- s 
tional case wherein the cantilever continuously scanned 
the sample surface with a constant repulsive force being 
applied thereto. Even if measurements were carried out 
under the influence of a relatively strong repulsive force 
of 1 X10 _7 N or more, an image obtained indicated a high 
resolution. One reason for this is deemed to be that a 
torsional component of the cantilever, which might arise 
when the sample was scanned in the direction of X, 
brought about no noises. 

In the above-described embodiment, although the 
measurements required to obtain the undulation infor- 
mation were carried out only once for each point, such 
measurements may be repeated plural times for each 
point. It was confirmed that an image obtained by the 
use of an average value of the repeated measurements 
included lower noises. 

Furthermore, a method employing laser interfer- 
ence or tunnel current can be effectively utilized, as 
means for measuring the amount of deflection of the 
cantilever, in place of the method employing the optical 
beam deflection. It was also confirmed that similar re- 
sults could be obtained by the use of the formermethod. 

A second embodiment of the present invention is 
discussed hereinafter wherein an Au film prepared by a 
sputtering process was observed by the AFM. The con- 
struction of the AFM according to the second embodi- 
ment is the same as that of the AFM according to the 
first embodiment discussed above. 

A sample 5 having an Au thin film on an Si substrate 
was initially placed on the sample platform 4 such that 
a central portion of the sample 5 might be positioned 
below the probing tip 1 2. Then, a voltage was gradually 
applied to the third piezoelectric member 3 by the com- 
puter 10 via the piezoelectric member drive unit 11 so 
that the sample 5 might be brought near the probing tip 
1 2. At this moment, the force acting on the cantilever 6 
from the sample 5 was measured by the two-segment 
photodiode 9. When the cantilever 6 received a repul- 
sive force of a given magnitude, the sample 5 was 
stopped by the computer 1 0 from approaching the prob- 
ing tip 12, and the voltage applied to the third piezoe- 
lectric member 3 was stored in the computer 10. Undu- 
lation information at each point on the substrate surface 
was derived from this voltage. In measuring the sample 
5, the magnitude of the repulsive force was set to 
1X10 -8 N. Thereafter, the sample 5 was moved away 
from the probing tip 1 2 until no force acted on the can- 
tilever 6 from the sample 5. The sample 5 was then 
moved 2nm leftwards by the first piezoelectric member 
1 using the piezoelectric member drive unit 11. There- 
after, a voltage was gradually applied to the third piezo- 
electric member 3 to make the sample 5 approach the 
probing tip 1 2 until the cantilever 6 received a repulsive 



force of 1 X10" 8 N. The voltage applied to the third pie- 
zoelectric member 3 at this moment was stored in the 
computer 10. Then, the sample 5 was further moved 
2nm leftwards by the first piezoelectric member 1 . Such 
measurements were repeated 256 times in the direction 
of X until the scanning for one line was terminated. 
Thereafter, the sample 5 was moved 2nm downwards 
by the second piezoelectric member 2, and similar op- 
erations were performed with respect thereto to com- 
plete the next succeeding line scanning. Upon comple- 
tion of 256 line scannings, (256 X 256) pieces of undu- 
lation information were obtained from the sample sur- 
face. 

The above-described operations of the AFM could 
reduce the noise level and could provide an image hav- 
ing a high resolution, as compared with the conventional 
case wherein the cantilever continuously scanned the 
sample surface with a constant repulsive force acting 
thereon. 

Fig. 3 schematically depicts an AFM according to a 
third embodiment of the present invention. 

The amount of deflection of the cantilever 6 was de- 
tected by the use of the principle of the optical beam 
deflection. A zinc oxide whisker 13 which was prepared 
by vapor deposition was used as a probing tip. Because 
this whisker has a three-dimensional structure in the 
form of a tetrapod and has four projections extending 
from the center of a regular tetrahedron towards respec- 
tive vertexes, it could be very easily bonded to the can- 
tilever 6 using a bonding material. A grating having a 
pitch of 1 u,m and a height of 0.5um was observed using 
this cantilever. 

A grating 1 5 was initially placed, as a sample, on 
the sample platform 4 such that a central portion of the 
grating 1 5 might be positioned below the probing tip 1 3. 
Prior to measurements of this sample 15, the distance 
between the sample 1 5 and the probing tip 1 3 was con- 
trolled so that the magnitude of the repulsive force might 
become equal to 1 XIO^N by the operation of the third 
piezoelectric member 3 and a control signal generator 
1 4 operatively connected to the photodiode 9. A control 
voltage applied to the third piezoelectric member 3 at 
this moment was stored in the computer 10. Undulation 
information at each point on the substrate surface was 
derived from this control voltage. Thereafter, a step volt- 
age generated by the computer 10 was added to the 
control voltage by an adder 16 operatively connected to 
the control signal generator 1 4 and to the computer 1 0. 
By doing so, the sample 15 was moved 1u/n away from 
the probing tip 13. The sample 15 was then horizontally 
moved 20nm by the first piezoelectric member 1 using 
the piezoelectric member drive unit 11 . Thereafter, the 
sample 15 was brought near the probing tip 13 by grad- 
ually reducing the voltage added to the control voltage. 
After the sample 15 was moved 1u.m towards the prob- 
ing tip 1 3, the control voltage required to generate a re- 
pulsive force of 1X10 -8 N again was stored in the com- 
puter 1 0. During such measurements, the period of time 
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during which the sample 15 was away from the probing 
tip 13 was set to 0.1 millisecond, whereas the speed of 
response of the control signal generator 14 was set to 
1 millisecond. Furthermore, the period of time required 
for the movement between two adjoining points was set 
to 2 millisecond. Accordingly, no problem arose that the 
control by the control signal generator 14 followed the 
movement of the sample 15 away from the probing tip 
1 3. Such measurements were repeated 256 times in the 
direction of X until the scanning for one line was termi- 
nated. Thereafter, the sample 15 was moved 20nm by 
the second piezoelectric member 2, and similar opera- 
tions were performed with respect thereto to complete 
the next succeeding line scanning. Upon completion of 
256 line scannings, (256 X 256) pieces of undulation 
information were obtained from the sample surface. 

The use of the conventional AFM employing this 
cantilever, wherein the sample surface was continuous- 
ly scanned under the influence of a constant repulsive 
force, could not provide reliable measurements or 
sometimes brought about damage of the whisker. The 
AFM according to the present invention, however, could 
provide a reliable image having a faithfully reproduced 
surface configuration, even in bottom configuration of 
grooves of the sample. 

In the above-described embodiment, although ex- 
planation was made with respect to the AFM employing 
the zinc oxide whisker, a whisker crystal of tin oxide, sil- 
icon carbide, alumina, a metal, or an organic material 
such as, for example, phthalocyanine could be used in 
place thereof. The AFM according to the present inven- 
tion employing such whisker crystal could provide an 
AFM image faithful to reproduce the surface configura- 
tion of a sample, even if the sample contained grooves 
having generally vertical side walls. 

Fig. 4 schematically depicts an AFM according to a 
fourth embodiment of the present invention. 

The AFM shown in Fig. 4 comprises a finely mova- 
ble mechanism in the form of a tripod having three pie- 
zoelectric members 1, 2, and 3, a fourth piezoelectric 
member 17 secured to and extending from the finely 
movable mechanism in a direction opposite to the direc- 
tion in which the third piezoelectric member 3 extends, 
and a sample platform 18 placed on the fourth piezoe- 
lectric member 17. The fourth piezoelectric member 17 
was provided for moving a sample 19 from the probing 
tip 12. 

A specific control method is explained hereinafter 
which was used to observe flagella of Salmonella bac- 
teria. 

Aflagella sample 1 9 was initially placed on the sam- 
ple platform 1 8 such that a central portion of the former 
might be positioned below the probing tip 12. Measure- 
ments of this sample were performed in a water pool 
pipetted so as to be trapped between the sample 1 9 and 
a glass plate 20 positioned above the cantilever 6. The 
distance between the sample 19 and the probing tip 12 
was controlled by the control signal generator 14 and 



the third piezoelectric member 3 so that the repulsive 
force might become equal to 1 x 10" 9 N. The control volt- 
age applied to the third piezoelectric member 3 at this 
moment was stored in the computer 10. Undulation in- 

5 formation at each point on the sample surface was de- 
rived from this voltage value. Thereafter, the sample 19 
was moved 50nm away from the probing tip 12 by ap- 
plying a step voltage Vz generated by the computer 10 
to the fourth piezoelectric member 17. The sample 19 

io was then moved 3nm by the first piezoelectric member 
1 using the piezoelectric member drive unit 11. There- 
after, the voltage applied to the fourth piezoelectric 
member 17 was gradually reduced to bring the sample 
19 near the probing tip 12. After the sample 19 was 

'5 moved 50nm towards the probing tip 1 2, a control volt- 
age required for controlling the repulsive force to be- 
come 1X10' 9 N again was stored in the computer 10. 
Such measurements were repeated 256 times in the di- 
rection of X until the scanning for one line was terminat- 

20 ed. Thereafter, the sample 1 9 was moved 3nm by the 
second piezoelectric member 2, and similar operations 
were performed with respect thereto to complete the 
next succeeding line scanning. Upon completion of 256 
line scannings, (256 x 256) pieces of undulation infor- 
ms mation were obtained from the sample surface. Several 
flagella each having a diameter of about 20nm and a 
length of more than 1 0Onm were observed from an AFM 
image obtained from such information. 

According to the AFM as discussed hereinabove, 

30 even if flagella which could not be anchored on a sub- 
strate were used as a sample, it was recognized that the 
probing tip did not drag the sample during scanning, and 
hence, an accurate AFM image could be obtained. 
In this embodiment, although the fourth piezoelec- 

35 trie member 17 for moving the sample away from the 
probing tip was interposed between the sample and the 
finely movable mechanism, this member 17 could be ar- 
ranged on the cantilever side. In this case, the resonant 
frequency thereof was increased, thereby enabling 

40 high-speed AFM measurements. 

It is to be noted here that, in each of the first to fourth 
embodiments discussed above, although the sample 
was moved by the finely movable mechanism in three 
different directions, the sample may be maintained sta- 

4S tionary. In this case, all of the cantilever 6, the laser di- 
ode 7, the lens 8, the photodiode 9, and the like should 
be assembled into one unit so that the unit can be moved 
by a finely movable mechanism similar to that discussed 
above or any other suitable means. 

so it is also to be noted that the amount of movement 
of one of the sample and the probing tip towards or away 
from the other is so chosen as to be greater than a max- 
imum value of height variations of the sample surface 
at least within a range thereof to be measured. 

55 As is clear from the above, the AFM according to 
the present invention can stably accurately measure ex- 
tremely small height variations of less than 0.1 nm at a 
reduced noise level. Furthermore, in measuring a grat- 
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ing having relatively deep grooves or a sample having 
generally vertically extending side walls, the cantilever 
or the probing tip is tree from damage. Even if a micro- 
organism which cannot be anchored on a substrate is 
used as a sample, measurements can be carried out 
with reliability without dragging the living sample by the 
probing tip. As a result, a highly accurate AFM image 
can be obtained at a high resolution. 

Although the present invention has been fully de- 
scribed by way of examples with reference to the ac- 
companying drawings, it is to be noted here that various 
changes and modifications within the scope of the ap- 
pended claims will be apparent to those skilled in the art. 



Claims 

1 . A method of measuring a surface profile of a sample 
using an atomic force microscope which observes 
a sample surface by making use of interatomic forc- 
es acting between a probing tip (12) formed on a 
free end of a cantilever (6) and the sample surface, 
said method comprising the steps of: 

(a) positioning the probing tip (12) above one 
location of the sample surface; 

(b) moving one of the cantilever (6) and the 
sample surface towards the other till the canti- 
lever (6) is deflected in the presence of the in- 
teratomic forces; 

(c) measuring a height of the sample surface; 

(d) imaging said height measured at step (c); 

(e) moving said one of the cantilever (6) and 
the sample surface away from the other by a 
constant given distance so that the probing tip 
(12) is spaced apart from the sample surface, 
said constant given distance being determined 
in advance so as to be greater than a maximum 
value of height variations of the sample surface 
within a range thereof to be measured; 

(f) moving said one of the cantilever (6) and the 
sample surface relative to the other so that the 
probing tip (12) is positioned above a next ad- 
jacent location of the sample surface spaced 
apart from said one location; 

(g) moving one of the cantilever (6) and the 
sample surface towards the other by said con- 
stant given distance; 

(h) repeating said steps (c) to (g) at a plurality 
of succeeding locations of the sample surface 
so as to image the height variations of the sam- 
ple surface. 

2. The method according to claim 1, wherein the 
height variations of the sample surface are imaged 
based on the amount of deflection of the cantilever 
(6) when one of the cantilever (6) and the sample 
surface is moved towards each other. 



3. The method according to claim 2, wherein said 
probing tip (12) comprises an acicular projection 
formed on the free end of the cantilever (6). 

s 4. The method according to claim 3, wherein said ac- 
icular projection is a whisker crystal of a material 
selected from the group consisting of a metal, zinc 
oxide, tin oxide, alumina, silicon carbide and an or- 
ganic material. 

70 

S. The method according to claim 1 , and further com- 
prising, after step (b), the step of controlling the po- 
sition of said one of the cantilever (6) and the sam- 
ple surface relative to the other so that the amount 

'S of deflection of the cantilever (6) becomes equal to 
a constant given value, wherein the height varia- 
tions of the sample surface are imaged based on a 
control quantity required to render the amount of de- 
flection of the cantilever (6) to be said constant giv- 

20 en value. 



Patentanspruche 

1. Verfahren zum Vermessen eines Oberflachenpro- 
fils mit einem Kraftmikroskop unter Ausnutzung der 
zwischen den Atomen einer MeGspitze ( 1 2) und der 
Oberflache einer Probe auftretenden Krafte, wobei 
die MeGspitze an dem Ende eines freitragenden 
Hebels (6) angeordnet ist, unter Anwendung fol- 
gender Verfahrensschritte: 

(a) Positionieren der MeSspitze (12) oberhalb 
einer Stelle der Oberflache der Probe; 

(b) Bewegen des freitragenden Hebels (6) oder 
der Oberflache der Probe aufeinander zu, bis 
der freitragende Hebel (6) durch zwischenato- 
mare Krafte abgelenkt wird; 

(c) Messen der Hohe der Oberflache der Probe; 

(d) Anzeigen der wahrend des Schrittes (6) ge- 
messenen Hohe; 

(e) Bewegen des freitragenden Hebels (6) oder 
der Oberflache der Probe urn einen festen ge- 
gebenen Betrag voneinander fort, so daG die 
MeGspitze (12) sich im Abstand von der Ober- 
flache der Probe befindet, wobei der feste ge- 
gebene Betrag vorher so bestimmt wird, daB er 
groGer als ein Maximalwert der Hohenschwan- 
kungen der Oberflache der Probe ist, in deren 
Bereich gemessen werden soli; 

(f) Bewegen des freitragenden Hebels (6) oder 
der Oberflache der Probe gegeneinander so, 
dal3 die MeGspitze (12) sich oberhalb einer 
nachsten danebenliegenden Stelle der Ober- 
flache der Probe im Abstand der erstgenannten 
Stelle befindet; 

(g) Bewegen des freitragenden Hebels (6) und 
der Oberflache der Probe aufeinander zu urn 
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den festen gegebenen Betrag; 
(h) Wiederholen der Schritte (c) bis (g) an einer 
Mehrzahl von nachfolgenden Stellen der Ober- 
flache der Probe, urn die Hohenschwankungen 
der Oberflache der Probe anzuzeigen. 5 

2. Verfahren nach Anspruch 1, bei dem die Hohen- 
schwankungen der Oberflache der Probe auf der 
Basis des Betrages der Ablenkung des freitragen- 
den Hebels (6) beim Aufeinanderzubewegen des io 
freitragenden Hebels (6) und der Oberflache der 
Probe angezeigt werden. 

3. Verfahren nach Anspruch 2, bei dem die MeGspitze 
(12) einen nadelformigen Vorsprung aufweist, der 
an dem freien Ende des freitragenden Hebels (6) 
ausgebildet ist. 

4. Verfahren nach Anspruch 3, bei dem der nadelfor- 
mige Vorsprung ein Whiskerkristall aus einem Ma- 
terial ist, das aus der Gruppe von einem Metall, 
Zinkoxyd, Zinnoxyd, Aluminiumoxyd, Siliziumkar- 
bid und einem organischen Material ausgewahlt ist. 

5. Verfahren nach Anspruch 1, bei dem nach dem 
Schritt (b) die Position des freitragenden Hebels (6) 
gegenuber der Oberflache der Probe derart gere- 
gelt wird, daG der Betrag der Ablenkung des freitra- 
genden Hebels (6) gleich einem konstanten Wert 
wird, wobei die Hohenschwankungen der Oberfla- 
che der Probe auf der Basis einer RegelgroGe an- 
gezeigt werden, die notwendig ist, urn den Betrag 
der Auslenkung des freitragenden Hebels (6) auf 
dem konstanten Wert zu halten. 



Revendications 

1. Precede de mesure du profil d'une surface d'un 
echantillon en utilisant un microscope a force ato- 
mique, lequel observe une surface d'echantillon en 
utilisant des forces inter-atomiques agissant entre 
une pointe d'essai (12) formee sur I'extremite libre 
d'un element en porte a faux (6) et la surface 
d'echantillon, ledit procede comprenant les etapes : 

a) de positionnement de la pointe d'essai (12)' 
au dessus d'un certain endroit de la surface 
d'echantillon ; 

b) de deplacement I'un vers I'autre de I'element 
en porte a faux (6) et de la surface d'echantillon 

. jusqu'a ce que I'element en porte a faux (6) soft 
devie en presence des forces inter-atomiques ; 

c) de mesure de la hauteur de la surface 
d'echantillon ; 

d) de formation d'une image de la hauteur me- 
suree a I'etape (c) ; 

e) de deplacement, pour les eloigner I'un de 



I'autre, de I'element en porte a faux (6) et de la 
surface d'echantillon d'une distance donnee 
constante de telle facon que la pointe d'essai 
(12) est ecartee de la surface d'echantillon, la- 
dite distance constante donnee etant determi- 
nee par avance de maniere a etre superieure 
a la valeur maximale des variations de hauteur 
de la surface d'echantillon dans une plage de 
celle-ci devant etre mesuree ; 

f) de deplacement I'un par rapport a I'autre de 
I'element en porte a faux (6) et de la surface 
d'echantillon de telle facon que la pointe d'essai 
(1 2) est positionnee au-dessus d'un certain en- 
droit suivant contigu de la surface d'echantillon 
ecartee dudit premier endroit ; 

g) de deplacement I'un vers I'autre de I'element 
en porte a faux (6) et de la surface d'echantillon 
ayant ladite distance constante donnee ; 

h) de repetition desdites etapes de (c) a (g) une 
pluralite d'endroits successifs de la surface 
d'echantillon de maniere a former une image 
des variations de hauteur de la surface 
d'echantillon. 



25 2. Procede selon la revendication 1, dans lequel les 
variations de hauteur de la surface d'echantillon 
sont formees en image sur la base de I'amplitude 
de la deviation de I'element en porte a faux (6) lors- 
que soft I'element en porte a faux (6) ou soit la sur- 
30 face d'echantillon est deplace vers I'autre. 

3. Procede selon la revendication 2, dans lequel ladite 
pointe d'essai (12) comprend une protuberance 
acirculaire sur I'extremite libre de I'element en porte 

35 a faux (6). 

4. Procede selon la revendication 3, dans lequel ladite 
protuberance acirculaire est un cristal en forme de 
trichite d'un materiau selectionne dans le groupe 

40 compose d'un metal, d'oxyde de zinc, d'oxyde 
d'etain, d'alumine, de carbure de silicium et d'un 
materiau organique. 

5. Procede selon la revendication 1 , comprenant en 
45 outre, apres I'etape (b). I'etape de commande de la 

position soit dudit element en porte a faux (6) ou 
soit de ladite surface d'echantillon I'une par rapport 
a I'autre, de telle facon que I'amplitude de la devia- 
tion de I'element en porte a faux (6) devient egale 

so a une valeur constante donnee, durant laquelle les 
variations de hauteur de la surface d'echantillon 
sont formees en image sur la base du niveau de 
commande demande pour rendre I'amplitude de la 
deviation de I'element en porte a faux (6) egale a 

55 ladite valeur constante donnee. 
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